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It has  been  briefly reported  that  precipitin reactions of antisera produced 
with heteroproteose are inhibited by peptic proteoses, small enough in molecu- 
lar size to pass collodion membranes  (1,  2).  The purpose of these  investiga- 
tions was to get information on the smallest portions of a protein molecule that 
still are capable of specifically combining with antibodies and,  finally, on  the 
chemical structure  of these  determinant  groups,  questions  as yet  undecided. 
In resuming this line of work split products of silk, chosen as an example of a 
fibrous protein with a  comparatively simple amino acid make-up, were exam- 
ined  and  again  inhibition  reactions  were  observed  with  substances  resulting 
from enzymatic digestion of this protein (see Bergmann and Niemann, 3).  It 
was  further  seen  that  such  reactions are obtained also with  products of acid 
hydrolysis.  1 
The preparation of antisera for silk presented some difficulty at first but on 
injection of silk, dissolved with the aid of acid and after neutralization adsorbed 
onto charcoal, immune sera were obtained (4a).  An attempt with the method 
briefly mentioned by Fell (4b)  was unsuccessful. 
Methods and Materials 
Immunization.--6  gin.  of  degummed silk were  dissolved by stirring for about  4 
minutes in 60  cc. concentrated hydrochloric acid, and the solution diluted with  10 
volumes  of  water.  The  solution was  neutralized to  weak  acid reaction  to  Congo 
red with 10 per cent NaOH, added in portions to avoid too high a temperature.  The 
solid material which  separates was allowed to  settle and  the  supernatant  fluid sy- 
phoned off.  The sediment was washed by suspending in a large volume of water and 
after settling was  centrifuged for a  short  time--at very low speed to  prevent  the 
formation of clumps that subsequently would be difficult to bring into solution.  The 
precipitate was then taken up in 45  cc. of water and dissolved by adding dropwise 
dilute NaOH while stirring, avoiding an excess.  The solution was brought back with 
dilute HC1 to weakly alkaline litmus reaction.  2  This solution was used for the sero- 
1 This observation was made in our laboratory by Dr.  R.  F.  Clutton. 
2 An electrophoretic experiment was kindly carried out by Dr. L. G. Longsworth. 
The  opalescence of  the  solution interfered with  the  observation but  the  material 
seemed to be homogeneous and  had a  mobility of  -1.8  X  10  -5 cm./sec./volt/cm. 
in 1 per cent solution in phosphate buffer of 0.1 ionic strength and pH 8.0. 
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logical tests and for immunization  after adsorption to blood charcoal.  The charcoal 
was washed several times with water, dried, sterilized, suspended in saline solution, 
and thoroughly mixed with the silk solution, using 45 gin. of charcoal for the solution 
made from 12 gm. of silk (for preservation 0.5 per cent phenol was added).  Immuni- 
zation was carried out by repeated intraperitoneal injection of rabbits, each receiving 
at 5 day intervals 15 cc. of a 6-fold dilution of  the suspension in saline, a dose con- 
taining about 25 mg. of silk and 0.35 gin. charcoal.  Sera of  moderate strength were 
obtained after 6 to 12 injections. 
Hydrolysis and Fractionation?--200 gm. portions of degummed silk were dissolved, 
with stirring, in 1 liter of 50 per cent (by volume) sulfuric acid, and the solution was 
allowed to stand at 26-30°C. for 4 hours.  2 liters of water weie added, the solution 
(for convenience) kept overnight in the ice box and then dialyzed in cellophane tubing 
against running water for  3 hours.  The remaining sulfuric acid was then removed 
with barium carbonate, in later runs with barium hydroxide, and any excess of barium 
was  subsequently removed  with  sulfuric  acid.  The barium  sulfate  was  filtered 
off on Buchner funnels and washed  with boiling water.  The combined filtrates and 
washings were evaporated in small portions on the steam bath to a small volume, the 
reaction during evaporation being kept slightly acid to litmus.  The syrupy solution 
was placed in cellophane tubes and dialyzed in the ice box against 2 volumes distilled 
water with changes of water at the intervals stated.  The outer fluids were evaporated 
in small portions on  the  steam bath,  and finally were  precipitated with  acetone, 
filtered, and dried.  The first three diffusates, after dialysis for 3, then 5, then 7 days, 
were combined.  Yield 1200 gm. from 4800 gm. silk used.  (The materials obtained 
on further dialysis are not considered in the following; also, in the description of the 
fractionation  procedures only those substances are taken account of that were selected 
for use in the serological  tests presented.) 
The substance was boiled up with 2400 cc. of water, cooled to room temperature, 
and a little toluene added as a preservative.  After standing overnight at room tem- 
perature an insoluble portion was removed from the  solution (A).  This  sediment 
was again extracted with water as above (solution B).  To  solution A 1½  volumes 
of alcohol were added and the mixture kept in the ice box for 48 hours.  The resulting 
precipitate  was  filtered in the  cold,  washed with  acetone,  and dried.  4  From the 
filtrate a 2nd fraction was obtained byaddition of  1/s volume of alcohol (A1,102 gin.). 
The supernatant was  evaporated to a  small volume and precipitated with acetone 
(A 2,350 gm.).  Solution B was precipitated with 2 volumes of alcohol (precipitate B 1, 
35 gin.).  A second precipitate was obtained by adding 3 volumes of alcohol and the 
supernatant fluid was evaporated to a  small volume and precipitated with acetone 
(B2,  100  gm.).  A1 was further fractionated by successive  addition of  1,  ~, and 
3 In studies on the production of silk hydrolysis several dipeptides and a tripeptide 
(alanylglycyltyrosine) have been isolated in pure state (cf. 3).  A number of other 
split products have been described (5, 6). 
4 The same procedures:  dissolving in 2 volumes of water except when stated other- 
wise, precipitation, drying, were followed  in the other fractionations.  The volumes 
of alcohol used in the fractionation are given in terms of the volume of the original 
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1 volume of alcohol, and the last precipitate (1 l gin.) was similarly refractionated with 
~,~, ~, and ~  volume of alcohol.  The 3rd fraction is designated as preparation I. 
As and B2 were  joined, dissolved, and  the  solution precipitated with  3  volumes 
alcohol; the precipitate (86 gin.) was dissolved in 3 w~lumes  of water and again pre- 
cipitated with 1½ volumes of alcohol.  This substance (35 gin.) dissolved in 4 volumes 
of water, was separated into fractions which precipitated with ~, 1, 2, and 3 volumes 
alcohol.  The last of these fractions, preparation lI, amounted to  1.5 gin. 
FIG. 1.  Substance II from hydrolysis products of silk fibroin.  X  240. 
The precipitate B 1 was redissolved in 6 volumes of water and precipitated with an 
equal volume of alcohol (preparation III, 7 gin.). 
A number of serologically active preparations were analyzed for total nitrogen and 
amino  nitrogen  in  order to  obtain  estimates of  the  molecular size.  The  nitrogen 
analyses were  made  by  the  gasometric  Kjeldahl method  according  to  Van  Slyke 
(with  a  modification  devised by  Goodner~).  The  amino  nitrogen  determinations 
were  made by the  SSrensen method using glass electrode measurements instead of 
indicators. 
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Glycine was determined with nitranilic acid (7), tyrosine by Bernhart's technique 
(8), and serine and alanine by the method of Fromageot and Heitz as modified by 
Desnuelle (9).  (Deamination followed by oxidation and colorimetric determination 
of acetaldehyde.) 
Substances  Tesled.--Substance  I  had  microscopically  a  crystalline  appearance 
(similar to that shown in Fig. 1) when separating in the cold from solution in dilute 
alcohol.  It contained 17.34  per  cent  N, 2;47 per cent  NH2-N, which would corre- 
spond to peptides with seven amino acids and with molecular weights of about 600. 
The ash was 1.9 per cent, containing a considerable proportion of Ca and SO4.  To 
obtain an indication of the degree of homogeneity, the material was dialyzed in a 
cellophane bag against small volumes of water, the outer fluid being removed, and 
replaced after 18, 47, 90, and 138 hours.  The ratio of total N  to amino N  was 9 in 
the final inner fluid which contained only 4 per cent of the starting substance and 
varied from 7.3 in the first to 8.1  in the last diffusate.  That the molecular weight 
values of the fractions  (about 580  to 640)  calculated from the amino N  are of the 
correct order of magnitude  was  confirmed by  determination of  the  freezing point 
depression (made with the second diffusate) which gave even a lower value, but since 
complete analytical data are lacking an accurate correction for salt (ash 2.9 per cent) 
was not possible. 
Substance II had likewise a crystalline appearance, as shown in Fig. 1.  However, 
an  x-ray  picture  failed  to  give  definite  evidence  for  crystalline  structure. 6  On 
analysis 17.76 per cent N, 2.26 per cent amino N, (and 2.57 per cent ash) were found 
indicating octapeptides.  Analyses for amino acids gave 48.8  per cent glycine, 35.6 
per cent alanine, and 1.2 to  1.3 per cent tyrosine, the latter probably ascribable to 
some peptide present in small quantity. 
Substance III separated from the solution in the form of shiny balls as seen micro- 
scopically.  Analysis showed 18.11 per cent N,  1.53 per cent amino N, and 0.79 per 
cent ash, pointing to peptides with a  chain length of 12 amino acids. 
FINDINGS 
The preparations just described were tested serologically by inhibition reac- 
tions  (Table I). 
It is seen that all three substances inhibited the precipitation of silk antigen 
by the  antisera though  to  somewhat different degrees.  (Still other fractions 
gave positive reactions likewise but were not further studied.)  The strongest 
inhibition was  obtained with substance  III which  from the analytical results 
appeared to  have  the largest molecular size.  The  specificity of the  reaction 
was shown  by tests,  given in Table II, with several heterologous antiprotein 
sera and  their corresponding antigens in which  also a  higher concentration of 
the  substances  was  used.  In  order  to  determine  whether  the  activity  of 
8 Strong reflections were observed corresponding to 4.67 and 4.15 ~. u. and a weak 
reflection at about 3.7,  but they may be due to the ash content.  For this examina- 
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TABLE I 
To 0.2  cc.  of a  1:10,000 silk solution were added 0.05  cc. of solutions of the substances 
tested for inhibition and then 2 drops of immune serum. 
Readings were taken after  15  minutes at room temperature  (1st line)  and after  1 hour 
(2nd line). 
Solution  tested 
for inhibition 
1 
1/2 
1/4 
1/8 
Substance  I 
0 
0 
f.tr. 
tr. 
tr. 
± 
(±) 
+ 
Substance  II 
0  0 
0  0 
far.  0 
tr.  f.tr. 
tr.  f.tr. 
~-  f.tr. 
(±)  tr. 
4-  g- 
Substance III  Control 
:b 
4- 
The intensity of the reactions is indicated as follows: 0, f.tr.  (faint trace), tr.  (trace), tr. 
(strong trace),  ±,  ~-,  4-,  +±. 
TABLE II 
Test as in Table I, using 1 drop of the suitably diluted immune sera, and the respective 
homologous antigens in a  concentration  of  1/10,000. 
Readings were taken after 1 hour at room temperature. 
Immune sera against 
Chicken ovalbumin 
No. I  diluted 1:3 
No. II diluted 1:2 
Horse globulin 
No. I  diluted 1:3 
No. II undiluted 
Substance II 
I per cent  2 per cent 
±  ± 
+±  +± 
+  + 
Substance III 
1 per cent  2 per cent 
±  ± 
+±  +± 
÷  ÷ 
+  4- 
Control 
4-± 
+ 
4- 
preparation  III  might  be  due  to  a  substance  of  high  molecular  weight,  a 
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6 gm. of the substance were dissolved in 10 volumes of water by heating, cooled to 
room temperature, and some undissolved material (0.315  gin.) filtered off.  The solu- 
tion was placed in a cellophane bag and dialyzed in the ice box against 1½ volumes of 
water which was changed at the intervals stated.  The  diffusates were evaporated 
to: a small volume and precipitated with acetone. 
1st diffusate 
2nd  " 
3rd  " 
4th  " 
5th  " 
Residue in bag 
Taken after 
hrs. 
18 
24 
30 
43 
74 
Weight 
gm, 
2.2 
1.44 
0.82 
0.45 
0.27 
0.25 
Total N 
#er cent 
17.54 
17.78 
17.60 
17.51 
17.19 
16.76 
Amino N 
per cenl 
1.67 
1.56 
1.47 
1.51 
1.30 
1.08 
N 
Amino N 
L0~r cent 
10.5 
11.4 
12.0 
11.6 
13.2 
15.5 
Fractions 2 and 3  were analyzed for individual amino acid and gave the values 
shown.  (R  =  ratio of nitrogen of each amino acid to NH2 nitrogen in the original 
substance, indicating the number of molecules of the amino acid.) 
Glycine ......................... 
Alanine ......................... 
Serine* ......................... 
Tyrosine  ........................ 
2nd diffusate  3rd diffusate 
per cent  R 
49.7  6.0 
26.4  2.7 
21.2  1.8 
18.6  0.9 
per cent  R 
46.8  5.9 
25.3  2.7 
22.4  2.0 
18.1  1.0 
* This value would include other hydroxyamino acids (threonine)  (v. 10). 
Although the substance  III is certainly not homogeneous,  it would appear 
that the fractions 2 and 3, which are similar in composition, consist largely of 
peptides with a  chain length of twelve amino acids, and this receives support 
from the amino acid composition which, incidentally, is not far from the propor- 
tions found in silk fibroin  7 (Bergmann and coworkers,  (11,  12)). 
The results of inhibition tests with the fractions obtained by diffusion are 
given in Table III and show that there was no definite difference in the reac- 
tions of the five diffusates; the residue gave a  somewhat  stronger inhibition. 
On the whole the experiment renders it very improbable that a  small quantity 
of  a  substance  with  high  molecular  weight  was  responsible for  the  specific 
inhibitions observed.  Thus the analytical result showed that some separation 
with respect to molecular size had been obtained, as indicated by the figures for 
7 A  non-crystalline substance,  probably a  tetrapeptide isolated by  Fischer and 
Abderhalden (5)  contained two glycine, one alanine, and one tyrosine residues. K.  LANDSTEINER  275 
the 1st and 5th diffusates, while this difference is not reflected in the inhibition 
effects. 
TABLE III 
Inhibition tests with diffusates of substance III. 
Tests as in Table I. 
Diffusates 
~er cent 
1/2 
1/4 
1/8 
0 
f.tr. 
tr. 
tr. 
± 
j- 
0 
f.tr. 
tr. 
tr. 
-4- 
0 
f.tr. 
tr. 
tr. 
± 
4  f.tl.  o 
far. 
tr.  tr. 
tr.  tr. 
tr.  ± 
6  Control 
o  + 
o  + 
f.tr. 
f.tr. 
tr. 
j- 
Continuation of the work in the direction of obtaining more homogeneous 
preparations of silk peptides is desirable as well as further investigations on 
other proteins. 
The author is indebted to Mr. B. Meier for his assistance. 
SUMMARY AND  CONCLUSIONS 
The foregoing experiments show that products of the hydrolysis of silk that 
consist  of peptides  having,  from  amino  nitrogen  determinations,  molecular 
weights from about 600 to 1000 were capable of inhibiting the reactions of pre- 
cipitin sera for silk.  From the results it may reasonably be inferred that silk 
fibroin contains determinant structures not larger than the peptides examined, 
which probably consist of not more than 8 to 12 amino acids.  That similar 
relations may obtain with other proteins is not improbable in view of results 
previously reported with dialyzable split products. 
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